INTRODUCTION
different sources of uncertainty, namely the driving Global Climate Models (GCM), the greenhouse gas (GHG) Representative Concentration Pathways (RCP, Moss et al. 2010) , and model physics configuration.
Therefore, scenario simulations were completed using different driving GCMs, RCPs, and model physics schemes.
The rationale behind the specific choices of these three simulation aspects was the following. Concerning RCPs, we selected the high end RCP8.5 and low end RCP4.5 scenarios (Moss et al. 2010) , with a predominance of the former in order to obtain more pronounced change signals. For the driving GCMs, at the time of completion of the CREMA experiments we had available 7 GCMs with 6-hourly meteorological fields suitable for providing driving lateral boundary conditions for the RegCM4 simulations. Temperature, precipitation and low level circulation of each GCM were first assessed over the 5 CORDEX domains (see also Elguindi et al. 2014) , and test experiments with the RegCM4 driven by each GCM were conducted to select the best performing GCMs over the respective domain. This lead to the final choice of 3 GCMs: HadGEM2-ES (with a horizontal resolution of~1.5°), MPI-ESM-MR (resolution of~1.9°), and GFDL-ESM2M (resolution of~2°). Not all three GCMs were used in each domain, since for some of the domain areas they did not perform well. For example, HadGEM2-ES was not used for the South Asia domain runs because it had an excessively weak monsoon rain-belt, which lead to excessively weak monsoon rain also in the nested RegCM4.
Finally, in terms of model physics configurations, the RegCM4 system includes multiple options for all physics representations (land surface processes, cumulus convection and resolvable scale precipitation, planetary boundary layer and radiative transfer, see Giorgi et al. 2012) . A large number of preliminary tests with different physics schemes over the various domains were conducted with boundary conditions from the different GCMs, and only those configurations yielding the most realistic climatologies were chosen. As shown in Table 1 List of the RegCM4 CREMA simulations identified by their driving GCM, RCP and convection/land surface scheme. HAD, MPI and GFDL indicate that the driving GCM used is HadGEM-2ES, MPI-ESM-MR, GFDL-ESM2M, respectively; G, E, GE indicate that the convection scheme used is Grell, Emanuel and mixed (Grell over land, Emanuel over ocean) respectively; BATS, CLM indicate that the land surface scheme used is BATS, CLM, respectively; 8.5 and 4.5 indicate that the representative concentration pathway used is RCP8.5, RCP4.5, respectively. The number in parenthesis for the Mediterranean domain indicates the number of scenario runs completed by using different parameters within the convection and/or land surface scheme selected Table 1 , at the end of this process different combinations of two land surface schemes (the Biosphere-Atmosphere Transfer Scheme, or BATS, Dickinson et al. 1993; and Community Land Model, CLM3.5, Oleson et al. 2008 ) and two cumulus convection schemes (the schemes of Grell 1993 and Emanuel and Rothman-Zivkovich 1999 , along with their combined use, i.e. Grell over land and Emanuel over ocean) were selected based on their best performance (in terms of temperature, precipitation and low level circulations) over a given domain. It is worth to mention that considerable effort went into the testing and selection of the model configurations, and this effort lead to the final outcome shown in Table 1 . It can be seen that different numbers of simulations were conducted for the different domains, and this was also based on the availability of computing resources. For example, the largest (smallest) number of simulations is for the smallest (largest) domain, i.e. the Mediterranean (Africa). The scenario runs were completed during 3 months in the summer of 2012 on 512 dedicated processors of a large cluster available at the ARCTUR High Performance Computing Centre in Goriansko, Slovenia, and about 160 Terabytes of data were produced and archived. During this period and following months, students and post-doctoral fellows were invited to ICTP from CICESE (Centro de Investigation Cientifica y de Education Superior de Ensenada), Mexico; University of San Paolo, Brazil; Indian Institute of Technology, India; Lotvos University, Hungary; and University of Dakar, Senegal, to carry out the simulations and subsequent analysis, so that the CREMA effort is a truly multi-institution collaborative one across the RegCNET network. The papers in this Special Issue, which are briefly introduced in the next section, are the result of the first analysis of the CREMA experiments.
Papers appearing in the special issue
The issue opens with a paper, Elguindi et al. (2014) which provides a basic comparative analysis of the CMIP5 GCMs (Taylor et al. 2012 ) over the 5 CORDEX domains in the CREMA experiment. It serves to place the three selected GCMs used in CREMA within the context of the broader CMIP5 ensemble, and it shows in particular how the three selected GCMs are among the best performers (based on a multiple metric approach) within the ensemble, thus justifying their selection The next two papers, Coppola et al. (2014) and Giorgi et al. (2014) provide an overall view of the entire CREMA ensemble of global and corresponding regional model simulations. They serve as basic references for more detailed analyses over individual domains presented in the other papers of the issue and in eventual future papers using this ensemble. Specifically, Coppola et al. (2014) present a baseline analysis of model systematic biases and future changes in temperature and precipitation mean climatologies over the various domains, while Giorgi et al. (2014) provide a corresponding analysis for a range of temperature and hydroclimatic extremes.
The issue then includes a series of papers focusing on the individual domains. Guttler et al. (2014) first assess the energy budget of the model over the Mediterranean domain; Mariotti et al. (2014) focus on the changes in intraseasonal and seasonal characteristics of monsoon climates over the Africa domain; Diro et al. (2014) report an analysis of changes in different characteristics of tropical cyclones over the Central Amrica domain (this being the first time that such an analysis is carried out for the RegCM4 system); the papers by da and Llopart et al. (2014) examine the model simulations over the South America domain in terms of climate response to el Nino conditions and land-atmosphere interactions.
Without going into a more detailed description of the individual papers, a few general lessons were learned from this first CREMA experiment. The first is that no model physics configuration was found that performed optimally over all domains and for all driving GCMs.
In other words, different physics configurations needed to be used for the different domains and driving GCM in order to optimize the model performance. This can perhaps be seen as a limitation of the RegCM4 physics schemes but also as an advantage of the flexibility offered by the availability of multiple physics options in the model. It also implies that the off-the-shelf configuration of the model may not be the best for a given application and that careful model validation and customization is needed in order to optimize the model performance.
The second lesson is that not only the model systematic errors but also the change signals were substantially dependent on the model physics configuration. Although the ensemble average large scale patterns of change (e.g. precipitaiton) were similar in the global and regional model CREMA ensembles , in many individual domain cases the sensitivity to model configuration was large, and in some cases even larger than the sensitivity to driving GCM. This was particularly the case for tropical domains, to the point that two different configurations might almost be considered as different RCMs. On the one hand this implies that the internal model physics and variability contributes substantially to the simulation of changes, and on the other it adds an important element of uncertainty in the production of regional projections with RCMs, calling for the large multi-model approach envisioned in the CORDEX framework.
The third important lesson concerns the issue of "added value" of using RCMs. This is perhaps the single most important issue in regional climate modeling, which arises virtually in every RCM application. What we found in the CREMA experiments is that the added value is not necessarily to be found when looking at climatological means, which depend more on the physics of the specific models rather than the model resolution, but rather in higher order statistics and regional circulation features/feedbacks. For example, compared to the driving GCMs, the RegCM4 consistently improved the simulation of the tails of the daily ) and seasonal ) precipitation distributions, while not systematically improving the climatological means . As another example, the RegCM4 simulated much more realistic characteristics of African Easterly Wave activity compared to the driving GCMs, and this affected the simulation of precipitation changes over the West Africa region (Mariotti et al. 2014) .
As mentioned, the papers in the special issue only offer an initial analysis of the wealth of data produced in this Phase I CREMA experiment and further analysis is currently under way to be reported in future work. The output from these experiments is being made available to the CORDEX data nodes for use by the regional climate research community in model evaluation studies, inter-comparisons with other CORDEX experiments and eventual use in impact assessment studies. In addition, we plan to incrementally populate the CREMA ensemble with new RegCM4 simulations as a continuing contribution of the RegCNET community to the CORDEX effort.
